"Broadband dispersion-compensating fiber for high-bit rate transmission network use" V. A. Semenov et al. Applied Optics, vol. 34, No. 24 Aug. 20, 1995, pp. 5331-5337 The invention relates to a dispersion compensating optical fiber which is connected to a Single-mode optical fiber having Zero dispersion in the wavelength of 1.31 um and has both a dispersion compensating function and a function Serving as an optical transmission line, wherein the distri bution of refractive indexes of dispersion compensating optical fiber is of W-type profile, the dispersion value in the wavelength of 1.55 um is in a range from -20 mS/nm/km or more to -10 pS/nm/km or less, the ratio of dispersion Slope to the dispersion value in the wavelength of 1.55 um is Set to almost the same as the absolute value of the ratio of dispersion slope with the dispersion value in the same wavelength of 1.55 um of the single-mode optical fiber while the positive and negative codes thereof are inversed, the Specific refractive indeX difference A+ of center core 1 to clad 3 is in the range from 1.0% or more to 1.8% or less, the ratio R A of the specific refractive index difference A-of Side core 2 to clad 3 with respect to the Specific refractive index difference A+ is made -0.025 or less, the ratio Ra (Ra=a/b) of center core 1 to the diameterb of the side core is in a range from 0.3 to 0.4, and the mode field diameter is 6 um or more. The present invention relates to a dispersion compensat ing optical fiber which is connected to a Single-mode optical fiber having Zero dispersion in the wavelength band of 1.3 tum, So as to perform a function of compensating dispersion in an optical signal in the wavelength band of 1.55 um which is transmitted through the Single-mode optical fiber, while Serving as a transmission optical fiber. The present invention also relates to a wavelength division multiplex light trans mission line using Such a dispersion compensating optical fiber.
BACKGROUND OF THE INVENTION
As a transmission network for optical communication, Single-mode optical fibers having Zero dispersion in the wavelength band of 1.3 um are installed all over the world. In recent years, as the information-oriented Society has developed, the quantity of communication information has been dramatically increasing. The explosion of the quantity of information has made wavelength division multiplex transmission (WDM transmission) widely accepted in the field of communication. Now, the world is in the age of wavelength division multiplex transmission. Wavelength division multiplex transmission is a method in which a wavelength for optical communication is divided into a plurality of wavelengths to transmit a plurality of optical Signals instead of using only one wavelength for optical communication, and therefore, is a light transmission method which is Suitable to large-capacity high-Speed com munication.
However, in general, the installed Single-mode transmis Sion optical fibers which have Zero dispersion at 1.31 um have a large transmission loSS. Hence, when wavelength division multiplex optical communication is to be realized using the wavelength band of 1.3 um, Since the wavelength range of the installed Single-mode transmission optical fibers does not match a wavelength band of 1.55 um which is a gain bandwidth of a regular light amplifier, the light ampli fier can not be used and long-distance optical communica tion is troubled accordingly. Due to this, in recent years, wavelength division multiplex optical communication is conducted in the wavelength band of 1.55 um using the installed single-mode transmission optical fibers which have Zero dispersion in the wavelength band of 1.3 um.
However, when optical communication is conducted in the wavelength band of 1.55 um using a single-mode trans mission optical fiber which has Zero dispersion at 1.31 um, Since the installed Single-mode transmission optical fibers have positive dispersion and a positive dispersion Slope in the wavelength band of 1.55 um, as optical Signals propagate through the Single-mode transmission optical fiber, the Sig nal at each one of the wavelength division multiplexed wavelengths disperse largely. This makes it difficult to Separate the Signals at a receiving end, degrades the quality of the optical communication, and impairs the reliability of the optical communication.
To Solve Such problems, dispersion compensating optical fibers have been developed recently. A dispersion compen Sating optical fiber has negative dispersion. If a dispersion compensating optical fiber is connected to a receiving end of a single-mode transmission optical fiber, positive dispersion 2 of optical Signals which propagate through the Single-mode transmission optical fiber is reduced by the negative disper Sion of the dispersion compensating optical fiber So that the optical Signals are received at the receiving end as they have Substantially Zero dispersion. As a dispersion compensating optical fiber is connected to a Single-mode transmission optical fiber in this manner, it is possible to Separate the respective wavelength division multiplexed optical signals at a receiving end, and therefore, a dispersion compensating optical fiber is expected to realize large-capacity high-speed communication of a high quality.
This type of a dispersion compensating optical fiber is formed as a module. It is a common practice to connect a dispersion compensating optical fiber which is formed as Short as possible to a receiving end of a single-mode transmission optical fiber for the purpose of compensation of dispersion.
OBJECT AND SUMMARY OF THE INVENTION However, to form a dispersion compensating optical fiber as a module and compensate dispersion with a short fiber length, it is necessary that the module of the dispersion compensating optical fiber has high negative dispersion and negative dispersion Slope.
Despite this, a dispersion compensating optical fiber can not have high negative dispersion and a negative dispersion Slope unless very Strict conditions regarding various param eters are met which define a distribution of the refractive index of the dispersion compensating optical fiber, which makes it difficult to fabricate the dispersion compensating optical fiber. Further, when a dispersion compensating opti cal fiber has a refractive indeX configuration which enables high negative dispersion and a negative dispersion slope, a non-linear phenomena easily occurs, whereby a mode field diameter (MFD) of the optical fiber is reduced. If the non-linearity occurs, the waveforms of Signals deform, which is a new problem against an effort to increase the Speed and the capacity of wavelength division multiplex light transmission.
If the specific refraction index difference of the center core becomes too large in line with Such a structure where the mode field diameter of optical fiberS is reduced, a lowering of the transmission quality results from a non linearity, and a large transmission loSS is created when the optical fiber is bent.
Meanwhile, other proposed method is to conduct light transmission using a dispersion shifting optical fiber whose Zero dispersion wavelength is shifted to 1.55 um from 1.31 tim. While Signal transmission without dispersion is possible when a dispersion shifting optical fiber which has Zero dispersion at the wavelength of 1.55 um is used for trans mission of optical Signals without dispersion by means of the wavelength of 1.55 um, if wavelength division multiplex light transmission is conducted using a signal which is in the wavelength band of 1.55 um, Signals at other wavelengths near 1.55 um disperse although no dispersion occurs at the wavelength of 1.55 um. Thus, this light transmission method is not Suitable to large-capacity high-speed wavelength division multiplex optical communication. Moreover, this type of a dispersion shifting optical fiber has a further problem that the non-linearity easily occurs.
Conversely, a Single-mode optical fiber which has Zero dispersion at the wavelength of 1.31 um is excellent in terms of low non-linearity. Hence, it is ideal to use the installed Single-mode transmission optical fibers which have Zero dispersion at the wavelength of 1.31 um as light transmis 3 Sion lines, connect dispersion compensating optical fibers which have low non-linearity and a large mode field diam eter to the Single-mode transmission optical fibers and conduct wavelength division multiplex light transmission using the wavelengths in the bandwidth of 1.55 um with Substantially Zero dispersion.
Noting this, the inventor of the present invention has conceived the present invention from the conventional idea of simply forming a dispersion compensating optical fiber as a module and using the module as an optical fiber which only compensates dispersion. A first object of the present invention is to provide a dispersion compensating optical fiber which is formed in Substantially the same length as a Single-mode light transmission optical fiber and is connected to the dispersion compensating optical fiber So that the dispersion compensating optical fiber performs a function of transmitting optical signals over a long distance while compensating for dispersion of the optical signals which propagate through the Single-mode transmission optical fiber, i.e., So that the dispersion compensating optical fiber has both the function of compensation of dispersion and the function of light transmission. Further, a Second object of the present invention is to provide a wavelength division mul tiplex light transmission line which is realized by connecting a single-mode transmission optical fiber and the dispersion compensating optical fiber described above to each other.
To achieve the objects above, the present invention uses the following means. That is, according to a first aspect of the present invention, in a dispersion compensating optical fiber which is connected to a single-mode transmission optical fiber which has Zero dispersion in the wavelength band of 1.31 um and which transmits optical Signals, the means for Solving the problems is a structure that a disper Sion value O at the wavelength of 1.55 um is in the range of -20 ps/nm/kms Os -10 ps/nm/km and that a ratio of the dispersion value to a dispersion Slope in the wavelength band of 1.55 um is set to be substantially equal in the absolute value but with the opposite sign to a ratio of a dispersion value to a dispersion slope of the Single-mode optical fiber in the same wavelength band of 1.55 um.
Further, according to a Second aspect of the present invention, in a dispersion compensating optical fiber which has the Structure according to the first aspect, the means for Solving the problems is a structure of which a side core which has a low index of refraction is disposed around a center core which has the highest index of refraction, and a clad which has a lower index of refraction than that of the center core but a higher index of refraction than that of the Side core is disposed around the Side core So that a distri bution of the refractive index has a W-type profile.
Further, according to a third aspect of the present invention, in a dispersion compensating optical fiber which has the Structure according to the Second aspect, the means for Solving the problems is a structure of which a specific refractive index difference A+ of the center core from the clad is in the range of 1.0% and 1.8%, a ratio R A (R A=A-/A+) of a specific refractive index difference A-of the Side core from the clad to the Specific refractive indeX difference A+ of the center core from the clad is equal to or Smaller than -0.25, and that a ratio Ra (Ra=a/b) of a diametera of the center core to a diameterb of the Side core is in the range of 0.3 and 0.4.
Further, according to a fourth aspect of the present invention, in a dispersion compensating optical fiber which has the Structure according to the first, the Second or the third aspect, the means for Solving the problems is a structure that a mode field diameter is equal to or larger than 6 um. Further, a fifth aspect of the present invention is directed to a wavelength division multiplex light transmission line which is realized by connecting a single-mode transmission optical fiber which has Zero dispersion in the wavelength band of 1.31 um to a dispersion compensating optical fiber which is Substantially the same length as the Single-mode transmission optical fiber, and the means for Solving the problems is a structure that the dispersion compensating optical fiber is formed by the dispersion compensating optical fiber according to either one of the first to the fourth claims.
In the present invention, a wavelength division multiplex light transmission line is realized by connecting a single mode optical fiber which has zero dispersion in the 1.3 Alm-wavelength band (more specifically, at the wavelength of 1.31 um) to the dispersion compensating optical fiber according to the present invention which is Substantially the Same length as the Single-mode transmission optical fiber. When wavelength division multiplex light transmission is conducted with Such a wavelength division multiplex light transmission line using optical Signals which are in the wavelength band of 1.55um, each wavelength in the wave length band of 1.55 um has increasingly larger positive dispersion as the optical signals propagate through the Single-mode transmission optical fiber.
The optical Signals at the respective wavelength division multiplexed wavelengths are transmitted, propagating from the Single-mode optical fiber to the dispersion compensating optical fiber. A dispersion value O of the dispersion com pensating optical fiber is relatively low and negative, in the range of -20 pS/nm/km is Os -10 pS/nm/km, and a ratio of the dispersion value to a dispersion slope of the dispersion compensating optical fiber in the wavelength band of 1.55 tum is Set to be Substantially equal in the absolute value but with the opposite Sign to a ratio of a dispersion value to a dispersion slope of the Single-mode optical fiber at the same wavelength band of 1.55 um, and therefore, the dispersion which increased during propagation through the Single mode optical fiber is compensated in a direction of gradual decrease during propagation through the dispersion com pensating optical fiber, and dispersion at each one of the wavelength division multiplexed wavelengths is compen Sated to Substantially Zero when received at a rear end of the dispersion compensating optical fiber.
AS described above, the dispersion value O of the disper Sion compensating optical fiber according to the present invention is a negative value which is relatively low and in the range of -20 pS/nm/km sos -10 pS/nm/km. As a result, conditions regulating a distribution of refractive indeX are not as Strict as those for a conventional dispersion compen Sating optical fiber which is formed as a module and has a negative high-dispersion slope. Rather, the conditions are moderate, and therefore, Since the value of the Specific refraction index difference of the center core will not become excessive, this brings an optical fiber Structure of low non-linearity. This makes it possible to Suppress cre ation of a distortion in the waveform of each wavelength for wavelength division multipleX light transmission, and Such a structure can be obtained, wherein a mode field diameter to 6 um or more is obtained. Since it is possible to Suppress an increase of the Specific refractive index difference of the center core, a lowering of the transmission quality resulting from a non-linearity and an increase in a transmission loSS due to bending of the optical fiber can be prevented to enable a large-capacity high-Speed wavelength division multiplex light transmission of a high quality with a Small transmission loSS.
S
Further, if the distribution of the refractive index of the dispersion compensating optical fiber above has a W-type profile, it is possible to easily fabricate an optical fiber which has a configuration of refractive indeX which Satisfies the conditions above which are Set for the dispersion compen Sating optical fiber above. In addition, as the Specific refrac tive index difference A+ of the center core from the clad is in the range of 1.0% and 1.8%, the ratio R A (R A=A-/A+) of the specific refractive index difference A-of the side core from the clad to the specific refractive index difference A+ of the center core from the clad is equal to or Smaller than -0.25 and the ratio Ra (Ra=a/b) of the diameter a of the center core to the diameterb of the Side core is in the range of 0.3 and 0.4, it is possible to enhance a compensation rate of dispersion which is created during propagation through the Single-mode optical fiber ideally to values around 1.0. In the present invention, a dispersion value at the wavelength of 1.55 um is larger than-20pS/nm/km but smaller than -10 pS/nm/km, and the ratio of the dispersion value to the dispersion slope in the wavelength band of 1.55 um is Set to be substantially equal in the absolute value but with the opposite sign to the ratio of the dispersion value to the dispersion slope of the Single-mode optical fiber in the same wavelength band of 1.55 um. Hence, by connecting the Single-mode optical fiber to the dispersion compensating optical fiber according to the present invention which is Substantially the same length as the Single-mode transmis Sion optical fiber, it is possible to uniformly compensate and reduce dispersion in the Signals at the respective wave lengths in the wavelength band of 1.55 um in wavelength division multiplex light transmission which is created during propagation through the Single-mode optical fiber to Zero dispersion at the rear end of the dispersion compensating optical fiber.
Further, Since the dispersion compensating optical fiber according to the present invention is not a conventional short optical fiber which is formed as a module, but functions as an optical fiber which not only transmits light but compen Sates for dispersion which is created in a Single-mode optical fiber, the dispersion value of the dispersion compensating optical fiber at the wavelength of 1.55 um has a relatively Small and negative dispersion value which is larger than -20 pS/nm/km but Smaller than -10 pS/nm/km. Hence, condi tions regulating a distribution of the refractive indeX are moderate, and therefore, the dispersion compensating opti cal fiber has low non-linearity. This makes it possible to SuppreSS distortions in the waveforms which are used in wavelength division multipleX light transmission, and Such a structure can be obtained, where the mode field diameter is enlarged, and it is possible to prevent the value of the Specific refractive indeX difference of the center core from being increased. Therefore, a lowering of the transmission quality resulting from a non-linearity and an increase in a transmission loSS due to bending of the optical fiber can be prevented.
In the configuration with the distribution of the refractive indeX having a W-type profile, in particular, Since the profile has a simple configuration, designing is simple, a transmis Sion loSS is Small, and the properties easily realize negative dispersion and a negative dispersion Slope. Hence, the conditions regulating the distribution of the refractive indeX are moderate, and therefore, fabrication is easy. Thus, it is possible to provide a dispersion compensating optical fiber and a wavelength division multipleX light transmission line inexpensively using the same which have the excellent properties according to the present invention.
Further, since the profile of the refractive index is W-type and the Specific refractive index difference A+ of the center core from the clad is 1.8% or smaller, it is possible to set the dispersion value of the dispersion compensating optical fiber at the wavelength of 1.55 um to be larger than-20ps/nm/km but Smaller than -10 pS/nm/km in an easy manner. In addition, Since the Specific refractive indeX difference A+ is 1.0% or larger, it is possible to stabilize a layer of fluorine (F) which is doped in the side core. Moreover, if the value A+ is Suppressed to 1.8% at maximum, it is possible to achieve an enlarging effect of the mode field diameter of the dispersion compensating optical fiber. In the dispersion compensating optical fiber according to the present invention, it is possible to Secure a structure where the mode field diameter is enlarged to be 6 um or more. The value of the mode field diameter is Sufficiently larger than the mode field diameter of a conventional dispersion compensating optical fiber which is formed as a module, and therefore, Since the Specific refractive index difference of the center core can be prevented from being increased by the Structure having a large mode field diameter, it is possible to effec tively prevent a lowering of the transmission quality result ing from non-linearity and an increase in a transmission loSS due to bending of the dispersion compensating optical fiber.
Further, since the ratio R A of the specific refractive index difference A-of the side core from the clad to the specific refractive index difference A+ of the center core from the clad is equal to or smaller than -0.25 and the ratio Ra (Ra=a/b) of the diametera of the center core to the diameter b of the side core is in the range of 0.3 and 0.4, it is possible to Sufficiently enhance a compensation rate for compensat ing dispersion which is created in the Signals at the respec tive wavelengths for wavelength division multiplex light transmission in the wavelength band of 1.55 um as the Signals propagate through a Single-mode optical fiber. Hence, if the wavelength division multiplex light transmis Sion line according to the present invention is used, a transmission loSS due to bending is Small. Low non-linearity in the wavelength band of 1.55 um makes it possible to realize large-capacity high-Speed wavelength division mul tiplex optical communication of a high quality without a distortion in Signals. Thus, the wavelength division multi pleX light transmission line according to the present inven tion can be used adequately as a wavelength division mul tiplex light transmission line of the next generation.
BRIEF DESCRIPTION OF THE DRAWINGS
These and other objects and advantages of the present invention will become more apparent and more readily appreciated from the following detailed description of the exemplary embodiments of the invention, taken in conjunc tion with the accompanying drawings, in which:
FIG . In the W-type profile configuration of the refractive index of the dispersion compensating optical fiber, a Side core 2 which has a lower index of refraction than that of a center core 1 is disposed around the center core 1 which has the highest index of refraction, and a clad 3 which has a lower index of refraction than that of the center core 1 but a higher index of refraction than that of the Side core 2 is disposed around the side core 2. Thus, a distribution of the refractive index is W-type.
The clad 3 is formed by a layer of pure silica (SiO2). The side core 2 is formed by doping pure silica (SiO2) with fluorine (F) which lowers an index of refraction. The center core 1 is formed by doping pure Silica with germanium (Ge) which increases an index of refraction.
In the configuration of the refractive index shown in FIG. 1, a Specific refractive index difference A+ of the center core 1 from the clad 3 is defined by the following equation (1), where the index of refraction of the center core 1 is nG, the index of refraction of the Side core 2 is ns, and the index of refraction of the clad 3 is nL:
Meanwhile, a specific refractive index difference A-of the side core 2 from the clad 3 is defined by the following equation (2): The dispersion compensating optical fiber according to the preferred embodiment, converting from the conventional idea of a module of an optical fiber only for compensation of dispersion, has Such a structure which realizes a function of compensating dispersion which is created during propa gation through a single-mode optical fiber and a function as a transmission line for transmitting an optical signal, and therefore, a value of dispersion of the dispersion compen Sating optical fiber is Set to be larger than-20pS/nm/km but Smaller than -10 pS/nm/km. Thus, Since a value of disper Sion of the dispersion compensating optical fiber according to the preferred embodiment is a negative dispersion value which is Smaller than a dispersion value -55 pS/nm/km of a conventional dispersion compensating optical fiber which is formed as a module (e.g., a dispersion compensating optical fiber module according to Japanese Laid-Open Patent Pub Further, in the preferred embodiment, for reduction and compensation of dispersion which is created in optical Signals at the respective wavelengths of wavelength division multiplex light transmission in the wavelength band of 1.55 tim as the optical Signals propagate through the Single-mode optical fiber uniformly to Substantially Zero dispersion, a ratio of the dispersion value to the dispersion slope of the dispersion compensating optical fiber in the wavelength band of 1.55 um is set to be substantially equal in the absolute value but with the opposite Sign to a ratio of the dispersion value to the dispersion Slope of the Single-mode optical fiber in the same wavelength band of 1.55um. When the ratio of the dispersion value to the dispersion slope is Set as Such, if the dispersion compensating optical fiber is connected to the Single-mode optical fiber which has Zero dispersion at 1.31 um above in Substantially the same length as the Single-mode optical fiber, it is possible to abridge and compensate dispersion which is created in the wavelength division multiplexed signals at the respective wavelengths in the wavelength band of 1.55 um as the optical signals propagate through the Single-mode optical fiber uniformly to Substantially Zero dispersion at the rear end of the dispersion compensating optical fiber.
An important requirement of a dispersion compensating optical fiber is realization of low dispersion in a wide range in the wavelength band of 1.55 um when the dispersion compensating optical fiber is connected to a single-mode optical fiber. Hence, the inventor studied a possibility of increasing a compensation rate of dispersion, in an effort to optimize the profile of the W-type distribution of the refrac tive index. The compensation rate of dispersion is defined by the following equation (3):
In the equation (3) It is verified that in the dispersion compensating optical fiber which has the W-type profile of the refractive index, a dispersion slope which compensates low dispersion in the wavelength band of 1.55 um is obtained if the ratio R A (R A=A-/A+) of the specific refractive index difference A-of the side core 2 from the clad 3 to the specific refractive index difference A+ of the center core 1 from the clad 3 is equal to or smaller than -0.25. Noting this, the value R A of the dispersion compensating optical fiber according to the pre ferred embodiment is set to -0.25 or Smaller. The dispersion in Table 1 is actual measurements at the wavelength of 1.55 um, and the dispersion slopes are average values among the wavelengths from 1.53 um to 1.57 lum. The data shown in Table 1 Further, the simulation results have also identified that when the value Ra is set to be within the range from 0.3 to 0.4 and the value R A is set to be -0.25 or Smaller, a value of the specific refractive index difference A+ of the center core 1 from the clad 3 must be 1.8% at maximum or Smaller than the same to allow the dispersion value to be larger than -20 ps/nm/km but smaller than -10 pS/nm/km. When the value A+ is 1.8% or Smaller, it is possible to enlarge the mode field diameter (MFD) of the dispersion compensating optical fiber. In the preferred embodiment, the mode field diameter is enlarged to 6 um or larger. Comparing to the value 4.4 um of the mode field diameter of the dispersion compensating optical fiber module according to Japanese Laid-Open Patent Publication No. Hei-6-11620, it is clear that the value of the mode field diameter which is 6 um or larger is Sufficiently large. If the value A+ is too Small, during fabrication of the dispersion compensating optical fiber, the layer of fluorine (F) which is doped in the side core 2 becomes unstable and the clear W-type profile configura tion shown in FIG. 1 can not be achieved. To prevent this, it is necessary that the value A+ is 1.0% or larger. In the preferred embodiment, the value A+ is set to be 1.0% or larger but 1.8% or smaller.
That is, the dispersion compensating optical fiber module according to the present invention has the W-type profile of the distribution of the refractive index, and the specific refractive index difference A+ of the center core 1 from the clad 3 is set to be from 1.0% to 1.8%, the value R A (R A=A-/A+) is set to -0.25 or smaller, and the value Ra is set to be from 0.3 to 0.4, so that the mode field diameter is 6 tim or larger, and a value of dispersion in the wavelength band of 1.55 um is from -20 pS/nm/km to -10 ps/nm/km.
In the conventional dispersion compensating optical fiber which is formed as a module, Since a negative high dispersion value and a high-dispersion slope are pursued for compensation, in a short fiber length, of dispersion which propagates through a Single-mode optical fiber, the Specific refractive index difference A+ of the center core of the dispersion compensating optical fiber which has the W-type profile is as large as and close to 2%. Thus, a non-linearity occurs as the Specific refractive indeX difference A+ of the center core becomes a large value, and the transmission quality may be lowered by a waveform distortion resulting from the non-linearity, and the transmission loos due to bending may be increased. In addition, despite circum stances which require to decrease the core diameter, Since the mode field diameter of the conventional dispersion compensating optical fiber module is at most about 5 um even when enlarged, and Such a structure is obtained, where the mode field diameter is small. Since the specific refractive index difference of the center core is too large, the trans mission quality is lowered due to non-linearity, and a transmission loSS due to bending is large. In contrast, the dispersion compensating optical fiber according to the embodiment has a low negative dispersion value and a low dispersion slope, and therefore, conditions which regulate designing of parameters which define the W-type profile are moderate. This allows to obtain a low non-linearity, and Such a structure can be obtained where the mode field diameter is large. Thereby, it is possible to decrease the Specific refrac tive index difference A+ of the center core to 1.8% or less, and it is possible to SuppreSS a lowering of the transmission quality, which results from the non-linearity of a dispersion compensating optical fiber, and possible to SuppreSS an increase of the transmission loSS due to bending of the dispersion compensating optical fiber.
An experiment which was conducted by the inventor has verified that it is possible to sufficiently achieve the condi tion that the mode field diameter is 6 um or larger at the wavelength of 1.55 um while keeping a transmission loSS due to bending to 5dB/m or smaller where the diameter is 20mm. This value sufficiently satisfies the conditions for an optimum transmission optical fiber which has low non linearity, Sufficiently deals with bending as a light transmis Sion line, and is most appropriate to wavelength division multiplex light transmission.
FIG. 5 shows a wavelength division multiplex light trans mission line according to the preferred embodiment. The light transmission line is obtained by connecting the disper Sion compensating optical fiber DCF according to the pre ferred embodiment to a single-mode transmission optical fiber SMF which has zero dispersion at the wavelength of 1.31 um, where the dispersion compensating optical fiber DCF has Substantially the Same length as the Single-mode transmission optical fiber SMF. In FIG. 5 , denoted at 4 is a light amplifier whose gain bandwidth is in the wavelength band of 1.55 um, while denoted at 5 is a receiving station. Table 2 shows the results whether the wavelength division multiplex light transmission line is Suitable as various types of transmission lines. The optical fiber SMF shown in Table 2 is the installed Single-mode optical fibers which have Zero dispersion at the wavelength of 1.31 lum. The optical fiber DSF is a dispersion shifting optical fiber which has Zero dispersion at the wave length of 1.55um. The optical fiber SMF+MDCF is a line which is obtained by connecting a dispersion compensating optical fiber module whose distribution of refractive index is of the matched type to a single-mode transmission optical fiber which has zero dispersion at the wavelength of 1.31 um. The optical fiber SMF+WDFCF is an optical line which is obtained by connecting a single-mode transmission opti cal fiber to a dispersion compensating optical fiber module whose distribution of refractive index has a W-type profile. The optical fiber DFF is a dispersion flat fiber which has zero dispersion at the wavelength of 1.55 um and whose disper sion slope in that waveband is zero. The optical fiber SMF+DFCF For Transmission Line is the light transmission line according to the preferred embodiment, which is a line which is obtained by connecting the dispersion compensat ing optical fiber according to the preferred embodiment to a Single-mode transmission optical fiber which has Zero dis persion at the wavelength of 1.31 um in Such a manner that the dispersion compensating optical fiber has Substantially the same length as the Single-mode transmission optical fiber.
While the results shown in Next, specific examples of the present invention will be described. First, as an example 1, a dispersion compensating optical fiber was formed as a W-type which had a distribu In a similar manner, a dispersion compensating optical fiber was formed as an example 2 which had a W-type . FIG. 3 further shows, as a comparison example, data which are obtained by multiply ing wavelength dispersion characteristics of a single-mode optical fiber which has Zero dispersion at the wavelength of 12 the example 2 are both close to the data which are obtained by multiplying the wavelength dispersion characteristics of the single-mode optical fiber by -1. This indicates that if the compensating optical fibers of the examples 1 and 2 are connected to the Single-mode optical fiber in Such a manner that the dispersion compensating optical fibers have Sub Stantially the Same length as the Single-mode transmission optical fiber, it is possible to abridge and compensate dis persion which is created the respective wavelengths in the wavelength band of 1.55 um during propagation through the Single-mode transmission optical fiber effectively to Sub Stantially Zero dispersion at the rear end of the dispersion compensating optical fiber.
Next, Table 3 compares the results on characteristics of a dispersion compensating optical fiber according to other example of the present invention with characteristics of conventional dispersion compensating optical fiber mod ules. In Table 3 , the letter W indicates that a distribution of refractive index has a W-type profile, while the letter M indicates that a distribution of refractive index is of the matched type. Further, the dispersion values in Table 3 are values at the wavelength of 1.55 tim, bending losses indicate transmission losses due to bending with a diameter of 20 mm, and the symbol MFD indicates mode field diameters. With respect to the dispersion compensating optical fiber according to the example shown in Table 3 , dispersion indicates a negative value which is as low as -15.55 pS/nm/km, and the dispersion slope has a negative value which is as Small as -0.0561 ps/nm2/km. Thus, compared with the conventional dispersion compensating optical fiber modules, the dispersion compensating optical fiber has Sufficiently Small negative dispersion and a Sufficiently Small negative dispersion slope. In addition, Such a fiber Structure can be obtained, where the bending loSS is Small Since the mode field diameter is 7.83 um which is magnificently larger than that of the conventional dispersion compensating opti cal fiber modules, and an increase of the Specific refractive index difference of the center core can be Suppressed. Hence, the bending loSS becomes a Small value and a lowering of the transmission quality resulting from non-linearity can be Suppressed. Therefore, it has been Verified that this optical transmission line is most Suitable for a high-Speed large capacity wavelength multiplex transmission.
What we claim is:
1. A dispersion compensating optical fiber which is con nected to a single-mode optical fiber which has Zero disper Sion in the wavelength band of 1.31 um So as to transmit an optical Signal, characterized in that a dispersion value O at the wavelength of 1.55 um is in a range of -20 pS/nm/km SOS -10 pS/nm/km, and a ratio of the dispersion value to a dispersion Slope of Said dispersion compensating optical fiber in the wavelength band of 1.55 um is set to be Substantially equal in the absolute value but with the oppo Site Sign to a ratio of a dispersion value to a dispersion Slope of Said Single-mode optical fiber in the same wavelength band of 1.55 um.
2. The dispersion compensating optical fiber of claim 1, wherein a side core which has a low index of refraction is US 6,178,279 B1 13 disposed around a center core which has the highest index of refraction, and a clad which has a lower index of refraction than that of Said center core but a higher indeX of refraction than that of the Side core is disposed around the Side core So that a distribution of the refractive index has a W-type profile.
3. The dispersion compensating optical fiber of claim 2, wherein a specific refractive index difference A+ of the center core from the clad is in the range of 1.0% and 1.8%, a ratio R A (R A=A-/A+) of a specific refractive index difference A-of the side core from the clad to the specific refractive index difference A+ of the center core from the clad is equal to or Smaller than -0.25, and a ratio Ra (Ra=a/b) of a diameter a of the center core to a diameter b of the side core is in the range of 0.3 and 0.4.
4. The dispersion compensating optical fiber of claim 1, wherein a mode field diameter is equal to or larger than 6 plm.
5. The dispersion compensating optical fiber of claim 2, wherein a mode field diameter is equal to or larger than 6 plm.
6. The dispersion compensating optical fiber of claim 3, wherein a mode field diameter is equal to or larger than 6 plm.
7. A wavelength division multiplex light transmission line which is realized by connecting a single-mode transmission optical fiber which has Zero dispersion in the wavelength band of 1.31 um to a dispersion compensating optical fiber which is Substantially the same length as the Single-mode transmission optical fiber, characterized in that Said disper Sion compensating optical fiber is formed by the dispersion compensating optical fiber according to claim 1.
8. A wavelength division multiplex light transmission line which is realized by connecting a single-mode transmission optical fiber which has Zero dispersion in the wavelength band of 1.31 m to a dispersion compensating optical fiber which is Substantially the same length as the Single-mode 15 25 35 14 transmission optical fiber, characterized in that Said disper Sion compensating optical fiber is formed by the dispersion compensating optical fiber according to claim 2. 9. A wavelength division multiplex light transmission line which is realized by connecting a single-mode transmission optical fiber which has Zero dispersion in the wavelength band of 1.31 um to a dispersion compensating optical fiber which is Substantially the same length as the Single-mode transmission optical fiber, characterized in that Said disper Sion compensating optical fiber is formed by the dispersion compensating optical fiber according to claim 3. 10. A wavelength division multiplex light transmission line which is realized by connecting a Single-mode trans mission optical fiber which has Zero dispersion in the wavelength band of 1.31 um to a dispersion compensating optical fiber which is Substantially the same length as the Single-mode transmission optical fiber, characterized in that Said dispersion compensating optical fiber is formed by the dispersion compensating optical fiber according to claim 4. 11. A wavelength division multipleX light transmission line which is realized by connecting a Single-mode trans mission optical fiber which has Zero dispersion in the wavelength band of 1.31 um to a dispersion compensating optical fiber which is Substantially the same length as the Single-mode transmission optical fiber, characterized in that Said dispersion compensating optical fiber is formed by the dispersion compensating optical fiber according to claim 5.
12. A wavelength division multiplex light transmission line which is realized by connecting a Single-mode trans mission optical fiber which has Zero dispersion in the wavelength band of 1.31 um to a dispersion compensating optical fiber which is Substantially the same length as the Single-mode transmission optical fiber, characterized in that Said dispersion compensating optical fiber is formed by the dispersion compensating optical fiber according to claim 6. k k k k k
